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Abstract 

In this work, we systematically analyze higher derivative terms 
in the supersymmetric effective actions for three dimensional scalar 
field theories using J\f = 1 superspace formalism. In these effective 
actions, we show that auxiliary fields do not propagate and their ef¬ 
fective actions can be expressed in terms of the physical fields. So, 
the theory does not change its held content upon addition of higher 
derivative terms. We use derivative expansion to generate four, hve 
and six dimensional terms for an interacting scalar field theory with 
V = I supersymmetry. We show that along with pure fermionic and 
bosonic terms, there are various hve and six dimensional topological 
terms that mix bosonic and fermionic helds. Finally, we use these 
results to obtain higher derivative topological terms in the effective 
action for two M2-branes. 


1 Introduction 

Three dimensional supersymmetric field theories are interesting as they have 
been analyzed as examples of the AdS^/CFT^ correspondence in M-theory. 
The (9S'p(8|4) symmetry of the eleven dimensional supergravity on AdS^ x Sj 
is realized as W = 8 supersymmetry of the boundary superconformal field 
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theory. This boundary super conformal held theory describes a system of 
multiple M2-branes. Furthermore, this boundary theory is constrained not to 
have any on-shell degrees of freedom coming from the gauge helds. All these 
properties are satished by BLG theory [28, 30, 31, 32, 33]. The BLG theory 
only describes two M2-branes. However, it has been possible to construct a 
generalization of the BLG theory called the ABJM theory [34, 35, 36, 37]. 
The ABJM theory is thought to describe multiple M2-branes, and it reduces 
to the BLG theory for two M2-branes. Even though the ABJM theory has 
only A/” = 6 supersymmetry, it is expected that its supersymmetry might get 
enhanced to full J\f = 8 supersymmetry [38]. Just as the higher derivative 
correction to the D2-brane action can be written in form of Dirac-Born- 
Infeld action, it is possible to write higher derivative corrections to the ABJM 
theory. This can be done by writing the matter part of the ABJM theory 
in form of a gauge covariantized Nambu-Goto action. It may be noted that 
higher derivative corrections to this non-linear extension of the ABJM model 
have also been studied [39]. It has been shown that the Mukhi-Papageorgakis 
higgs mechanism can be used to determine higher derivative corrections to 
the BLG effective action [23]. This formalism is an on-shell formalism. 

It may be noted that apart from the application to the physics of M2- 
branes and D2-branes, the addition of higher derivative corrections is inter¬ 
esting in its own right. Recently a generic three dimensional supersymmetric 
gauge theory coupled to matter helds has been constructed [40]. Under vari¬ 
ous limits this generic action reduces to the supersymmetric Maxwell theory, 
supersymmetric Maxwell-Ghern-Simons, and supersymmetric Ghern-Simons 
theories with matter helds. A generic three dimensional higher derivative su- 
perheld theory for self interacting scalar superhelds has also been constructed 
[41]. In this analysis the self interacting higher derivative actions for real and 
complex scalar superhelds have been studied. 

Furthermore, supersymmetric theories with higher derivative terms play 
an important role in various cosmological models [1]. In the Dirac-Born- 
Infeld inhation, a scalar held describes the position of a brane plays the role 
of the inhaton held and causes an accelerated expansion of the universe [2, 3]. 
The higher derivatives in the action cause new dynamics to arise and lead 
to equilateral-type non-gaussianity in the primordial density huctuations [4]. 
Furthermore, higher derivatives play an important role even in ekpyrotic 
universes [5, 6]. In these universes big bang is produced by the collision 
of branes moving in the bulk. In this model, a phase transition from a 
contracting phase to an expanding phase occurs for the ekpyrotic universes. 
This phase transition requires the violation of null energy condition. This 
conditions can be violated if the sum of the pressure and the ehective energy 
density is negative. However, this leads to the existence of ghosts. It is 
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possible to overcome this problem by adding higher derivative terms [7, 8]. 
This occurs because of ghost condensation [9, 10]. 

It is known that certain higher derivative (HD) terms in effective ac¬ 
tions of gauge theories with extended supersymmetries are not renormalized. 
The Seiberg-Dine terms with M = 2 supersymmetry [11, 12], and Wess- 
Zumino terms in the four dimensional super-Yang-Mills theory with A/” = 4 
supersymmetry [13, 14], are examples of such terms. Furthermore, the HD 
terms generated from the D3-brane action have been used for analysing non- 
renormalization properties and anomalous dimensions of the four dimensional 
super-Yang-Mills theory with A/” = 4 supersymmetry. We hope to obtain sim¬ 
ilar results for the M2-branes, and this is one of the main motivations for this 
paper. It may be noted that the HD corrections for four dimensional held the¬ 
ories with A/” = 1 supersymmetry have already been studied [15, 16, 17, 18]. 
Such terms have also been studied using the four dimensional harmonic su¬ 
perspace [24, 25, 26, 27]. As M2-branes are described by a three dimensional 
superconformal held theory, we will analyse HD corrections to three dimen¬ 
sional supersymmetric held theories. So, in this work, we analyze HD terms 
generated in derivative expansion of three dimensional supersymmetric held 
theories in A/" = 1 superspace formalism. 

In this work, we hrst consider the derivative expansion of an interacting 
supersymmetric scalar held theory. This analysis will be performed using 
A/” = 1 superspace formalism. It has been argued that the addition of HD 
terms in superspace formalism can cause problems in the original theory 
[19, 20, 21, 22]. This is because a generic higher derivative action would con¬ 
tain terms like f ((9$)^ ~ f idFY, (where F is the auxiliary 

held). This will produce kinetic terms for such auxiliary held. Thus, the 
HD terms will add new unwanted degrees of freedom to the original theory. 
Furthermore, in certain cases, these kinetic terms for the auxiliary held have 
the wrong sign, and this breaks the unitarity of the original theory. The vac¬ 
uum of the theory can become unstable because of the HD terms. However, 
in this paper, we are able to explicitly demonstrate that the HD terms in 
the derivative expansion of a supersymmetric held theory, will only contain 
non-propagating auxiliary held. So, the action for this ehective held theory 
can be always written in terms of physical helds. Therefore, the held content 
of the theory does not change upon adding HD terms. This is an important 
result as there has been a confusion regarding this point in earlier works 
[19, 20, 21, 22]. 

Thus, using the superspace formalism, we obtain various four, hve and six 
dimensional HD terms for an interacting scalar held theory. We show that 
pure fermionic and mixed topological terms with hve and six mass dimensions 


3 



exist in the effective action of this theory. Finally, we apply these results 
to obtain HD contributions to the effective held theory action for two M2- 
branes. We obtain several HD terms for two M2-branes, and we also compare 
them with an earlier study that has been done using the component helds. 

The remaining paper is organized as follows. In section 2, we use deriva¬ 
tive expansion of the effective action of a real superheld in three dimensions to 
show that supersymmetric HD terms will not produce a kinetic energy term 
for the auxiliary held. In section 3, we apply this formalism to calculate the 
HD terms for a non-interacting supersymmetric scalar held theory. In section 
4, we use derivative expansion to generate HD terms with mass dimensions 
four, hve and six for an interacting supersymmetric theory. In section 5, we 
are going to review the construction of the BLG theory in A/” = 1 superspace 
formalism. In section 6, we are going to analyse the ehective held theory 
action for two M2-branes. We will generate all six dimensional topological 
HD terms for two M2-branes. In the last section, we will summarize our 
results and discuss few extensions of this work. 


2 Auxiliary Fields 

In this section, we use derivative expansion of the ehective action of a real 
superheld in three dimensions to show that supersymmetric HD terms will 
not produce a kinetic energy term for the auxiliary held. So, the theory, even 
after the HD terms have been added to it, can still be expressed in terms of 
physical helds. We will apply these results to a non-interacting real scalar 
superheld theory. 

Now before we present our argument for the supersymmetric theories, 
let us analyze the leading order HD terms for a non-supersymmetric theory. 
These terms will correct the kinetic energy term in the low energy ehective 
action of the theory. A natural framework to study a set of HD terms in a 
particular theory is the derivative expansion of the low energy ehective action, 
which reproduces the theory in the infrared limit. We will now perform such 
an expansion for a free massless scalar held (0) theory in three dimensions. 
It is important to list the mass dimension of various helds, since in ehective 
held theories, we consider the action up to a particular dimension, which 
are suppressed by some microscopic length scale 1. Now from the kinetic 
terms of various helds, one can obtain the mass dimension for each held and 
derivative, [0] = 1/2, [<9] = 1, [m] = 1. It is important to state here that 
even if we are only interested in studying six dimensional terms, we have to 
include four and hve dimensional terms for the consistency of the low energy 
ehective action expansion. 
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Now consider a derivative expansion of a low-energy effective action of a 
real snperfield $ in a generic J\f = 1 supersymmetric theory ^ 

St = j d^ed^xC{^,D^,...). ( 1 ) 

Since the length scale I controls the derivative expansion, the leading or¬ 
der term has three mass dimensions. After integrating over the fermionic 
coordinates we get 

St = So + lSi + l^S2 + 0{l^) ( 2 ) 

where Sn = F); n = 0,1, 2,... are functions of the component helds 

and have n -|- 3 mass dimensions. Therefore, Sq must be at most quadratic 
in the auxiliary held F, since ^ = (p + 6ip — 9‘^F, i.e., [F] = 3/2. This means 
the general form of So is given by 

So = j d^x ‘^F'^ + g{(t),^p)F+k{(i),i)) . (3) 

Now let us obtain the held equation of F, it reads 

S[ = S'^ + lS[ + f S'^ + 0{f) = Q (4) 

where S' = ^. Since the microscopic scale / controls the derivation expan¬ 
sion of the ehective action and suppresses HD terms, it is natural to expand 
the helds in terms of /. Also all held huctuations larger than 1/1 has been in¬ 
tegrated out, therefore, the only held huctuations, we have to consider should 
be less than l/l. It is natural to expand F in terms of I 

F = Fo + /Fi + /2F2 + 0(/3). (5) 

Using equation (5) and expand S'J and S '2 in terms of /, we get the following 
equations 

aFo += 0 , 
aFi + = 0 , 

aF2 + ( 0 , 0 , Fo) + S’/i(j), 0 , Fo)F, = 0 . ( 6 ) 

These equations show that all the helds F/’s, can be all expressed as func¬ 
tions of the physical helds 0 and 0. Therefore, F has no kinetic term, and 
the action can be written entirely in terms of 0 and 0. This result holds 
independent of the form of the HD terms in S'„. In fact, one can extend 
this argument to the four dimensional chiral and vector supersymmetric held 
theories in A/” = 1 superspace [29]. 

^Here we use the notation of Ref. [42] 
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3 Application 

Now we will apply the above argument to the supersymmetric action of a 
free massless real superheld <h with higher derivative terms. Consider a real 
superheld ^{x,9) = (j) + — 0‘^F [42], whose action is given by 

So = - j ^ . ( 7 ) 

In component form, the above action can be written as 

So = Jd^x^lF^ + i^‘^da^7p0 + (/)n(/)]. ( 8 ) 

Using held equation of the auxiliary held F = 0, which follows from this 
action, we can write the action of the component helds as, 

So = J + (/)0(/)]. ( 9 ) 

Now considering the above action with four and hve dimensions HD terms, 
we obtain the following total action, 

S^ = j d^x d‘^9 [$^2$ + a I (d2$)2 + 131^ D24>n$] + 0{l^), (10) 

where a and (3 are some couplings. Expanding the above action in component 
one obtains 

St = j ^ [F^ + <pn<j) + + a I + 2F 00] 

+(31^ + FnF] +0(/=^). (11) 

It may be noted that the auxiliary held has a kinetic term. Such terms occur 
in most supersymmetric held theories, if HD terms are considered. The held 
equation of the auxiliary held is given by 

F + 2ain(j) + /3l^nF = 0. (12) 

It is natural to expand F in terms of I 

F = Fo + /Fi + /2F2 + 0(/3). (13) 

Using held equation, one gets, 

Fo = 0 , 

Fi = —2Q;n0, 

F2 = -f3DFo = 0. (14) 
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Now the total action reads 

St = J <fx ^ [0n0 + i'lp^'da^'ipii] + a I 

+/2 [{p - 2a^)(j)n^(j) - il3'ilj^d^p + 0{f). (15) 

It is not surprising that supersymmetry requires the existence of ad¬ 
ditional four dimension terms, and such terms did not exist in the non- 
supersymmetric version of the action. This is because the held content of the 
supersymmetric theory contains the fermionic held However, the interest¬ 
ing result here is that four dimension terms include an interesting fermionic 
topological term, Even though, it is a total derivative 

for four mass-dimension terms, it can be argued that it is possible to have a 
hve dimensional topological term in an interacting theory. Furthermore, in 
the coming section, we show the possibility of having a pure fermionic topo¬ 
logical term with six mass dimensions of the form, 

4 Interacting Theory 

Now we will analyze higher derivative terms for the interacting supersym¬ 
metric 0® theory, which is renormalizable in three dimensions. The super- 
symmetric action for this theory can be written as 

So = j d^xd^e . (16) 

In component form, the above action can be written as 

So = j d^x ^ -F i •?/>“ doP + 0n0] 

(17) 

Using the held equation for the auxiliary held, F = — A0^/3!, we obtain 

So = j d^x ^ [i dj ijp + 000] + ^0^0^ - (18) 

Now we will write the low energy ehective theory with all possible HD terms 
consistent with the symmetries up to dimension hve. The list of independent 
four and hve dimensional terms is given by 

= / [ d^xd^9[ci{D^<l>p+ C2<^\D^<I>P+ C4<I>% 
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^2 


j d^xd^e + C6 <I>2(D2$)2 + 

+C8 {D^^Y + c^^\D^^Y + cio$% (19) 


Now we can write all the four dimensional terms in component fields as 



+ 2F 00, 

02 [^2 ^ Qj ^ ^ ^4 ^ 2020ir^ 

3O7/>20^ + 6F0^ (20) 


We can also write all the hve dimensional terms in component fields as 


j d?e{DH)u^ 


J d^e ( zi 2 $)$ p ^$)2 


/ 


d^e {D^^Y 


(/.□V - i ^^/J^ + FDF, 

02 (jaY 

+2F 00] + 20 F^ 

+202 +2 ^ ^ 800 „ 0 ^ 0 ^ F , 

+202 _ ^02 + 000 02 

+i(l)F - 00^0^0-y0^0 

++^'"‘^ 00 ^( 7 ^)^ 0 ^ 0 „ 0 ^ 0 , 

02(0^00^0 + 2+2], 



12 ilj^cY + 4 0203+ + 8 0203+ 

+0^[+2 + i 0" 0Q,^ 'ijjp + 000], 

56 0206 + 8 0^+ 


( 21 ) 


The term 0^(7o-)^0'''e^^°'0^00j.0 mixes the scalars and fermions in hve di¬ 
mensional terms. Usually such topological terms are are non-renormalizable. 
This makes them an important tool to study the non-perturbative nature of 
the theory. Although, this term vanishes identically for a single scalar super- 
held $, we will show in the next section that with more than one superheld 
(i.e., <h^ is in some representation of certain group G) these terms become 
non-vanishing. 



Now the list of six dimension terms in supersymmetric 0® theory is given 


by 

^3 = P J (fxcfe [cn{D^^f^ + 

+C16 + Ci7 (□$)" + Ci8 (□<h)<h^ + Ci9 


We can write all the six dimensional terms in component helds as 


j = 








j (fe = 


j dPe (D2$)n$$2 _ 


3F2 [#“af + 000] 

-6 0F0^0“0^0„ 

+i6 (j)F 

2F^ $3 ^ 3^2^2^2 ^ ^80„0^0^0=^F 

+204^00 - 

+4*F030“0f0^, 

0^00 - 7i0®0“<9f 0^ + 7^20® 
+4202^00 

0^000^ - ^0^e^'^'"(7^)f0/,0;30^0“ 

+^0^0;3'9;,0^<9^0 + ^ (fF^^di^p 

+3i02020“0^0^ - 2^303 

+F03 dfj,(l)d^(l) + ^F’^ip'^cj)^ + 6F0"^0, 

F02n0 - ^02[0^0„0 a*^« 

(7a)a'9;,0/3'9,.0“] 

-^F20“5f0/3 + ^F[0^0„0^00“ 

+7e^""(7.)^5^0/3a,00“], 

(□0) + 2i0„0|0^0n0 

+FnF02 + 20F0^n0^ 


( 22 ) 
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/ 


cPe 


/ 


dPe 


/ 




+FUF(I? + 2^2000 - 2Ftlj‘^ 00 , 

2UFU4> + Ui)^Ui)’^, 

+ 1OF0®, 

20®nF + 50Van^“ 

+5F0^n0 + 20 (23) 


Notice the existence of non-vanishing purely fermionic topological terms as 
well as mixed topological terms. With more than one superheld, these terms 
should play an important role in the effective action of M2-branes. 

As we have mentioned before, having a single superheld forces certain 
topological terms to vanish as a result of anti-symmetrization of the space- 
time derivatives. Let us list few examples of those terms keeping in mind 
that some of them (dimension 6 terms) will appear in the following section. 
Thus, we can write the hve dimensions term as 


j d^e (D^$)(D^Dp$)(D^$)$ 

and the six dimensional term as 

j d^e^^{Dp^){D‘^Dp^){DP^) 

D e^''^(t)^dp(t)d^(t) dp(j)d^(j)d^(j). (25) 


5 Action for M2-Branes 


In this section, we are going to review the construction of the action for two 
M2-branes. The BLG theory describes the physics of two M2-branes. So, 
here we review the construction of the BLG theory in A/” = 1 superspace 
formalism [43]. The gauge helds in the BLG theory are valued in a Lie 3- 
algebra rather than a conventional Lie algebra. A Lie 3-algebra is a vector 
space endowed with a trilinear product. 


j'ya rj-if) rjnc _ J’abcrjnd 


(26) 


The structure constants of this Lie 3-algebra are totally antisymmetric in 
a,b,c. They also satisfy the Jacobi identity [44], 


fF/F = 0. 


(27) 
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The metric of this Lie 3-algebra can be dehned by taking the trace over the 
Lie 3-algebra indices, 

= Tr(T“T^). (28) 

It is also possible to dehne a symmetrised trace of four Lie 3-algebra gener¬ 
ators as 

^tr(T“T'’T"T^) = m (29) 

where m is a constant. For the Lorentz Lie 3-algebra, it is possible to consider 
a set of generators corresponding to a compact subgroup of the full symmetry 
group. Hence, we can choose the generators of a SU (2) Lie algebra, and write 

|23] 


Tr(T‘T'') = - 3 “‘, 
STr(T'^T^T^T'^) = — < 5 ^“^ 


(30) 


The gauge helds are valued in the Lie 3-algebra, = T". The 

BLG theory has been written using M = 1 superspace formalism. This is 
done by writing dehning = (()\ + ~ with 1 = 1,2, .. 8 , where 

a is the three-algebra index with a structure constant So, we can write 

the action for the BLG theory as [43] 


^0 



-1 
.4 







The component held dehnitions are as 





1= 

D 

^Oi^a\ raa’ 



1 

2 

d^K\- 

= 

Tq: 1 Xtt ah'! 



D^T^ab\ 

Bab'! 

roabj ^^aab ~ 


D \ - 

ab\ ~ 

= i (b/i] 

1^4^ - 

>a ^ ab 


D^Kbl = ^Kb 

+ i '9'^X' 

D<^Tpab\ -- 

= i (7^: 

nKb+ 



ab- 


(31) 


(32) 


An octonion algebra {1, Cj}, with i = 1,.., 7, such that CiCj = Cijk et — Sij, has 
been used to dehned Cjjkl- This is done by taking a totally antisymmetric 
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tensor Cijk- The seven dimensional dual of this is Cijki = | ^ijkimnoC^^°. Now 
it is possible to construct an SO(7) invariant tensor Cjjkl which 

is self dual in eight dimensions, Cijks = Cijk,Cijki = Cijki- This octonionic 
structure constants can be used to construct S'0(8) gamma matrices [43]. 
So, we can use write (T*)^^ = — Ssa^Az^ where i = 1,..., 7 and 

A,A = We also have (T®)^^ = = 0. Here we have 

dehned = (T^)^^, and T'^f'^ + T'^f'^ = 26 ^'^. Now the Clifford algebra 
can be written as 


where 


+ YY 



: 25^^ 

(33) 



AA ] 

0 j ■ 

(34) 


Now we can also write 


■p/J _ ^ /p7 -pj pj p7 \ 

^ AB — 2 1 ^"^ aA^ Ab ^ aA^ Ab) 

= c‘iB + Asi - . (35) 


6 Topological Terms for M2-Branes 

In this section, we will analyse the effective action for two M2-branes. We 
will use the above analysis to argue for the existence of new topological HD 
terms in the effective action of M2-branes. The effective M2-brane action 
can be expanded in terms of Planck length Ip as follows 

Sblg = *S'o + IpSs + ... (36) 

Therefore, the hrst correction to the leading contribution is of dimension six. 
This is why we have expanded our effective action in the general Y theory 
up to such order. The action of the theory without the gauge held, i.e., the 
Higgs branch, is given by 

So = -J dxMHTr + 1[4>^, 4.'^, • (37) 

Since the leading correction is of order 0{lp), the held equation for the aux¬ 
iliary held is given by 

B' = + 0(/J). (38) 
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The non-vanishing six dimensional topological terms can be classihed as 
bosonic, fermionic and mixed terms. Here we list all such terms. We hnd the 
following bosonic terms, 


-^61 — 


(fe STr [CijklC^j^k'u 


D 


= -c 


STr {CijKiC^rK'u 

J'K'L' £a’h'c' fiva 
!h'c' J 


IJKlCjik'V Va'h'd 


Another term that produces the same topological term is given by 


(39) 


C 


bV 


j d^eSTr [CijklD"^^^ 

D STr {CijKLF^e^^^d^ct>^d^ct>^dA^) . 


(40) 


The relation between this term and the previous one is clear upon using Eq. 
(38). This term has also been obtained in earlier works on M2-branes [23]. 
We also hnd three different fermionic terms 


Cfi = j (fOTr 

Cf2 = J d^eSTr{D'^^^D^^-^D^^^D^^-^) 

3 ^iab^cd) 

Cf3 = J d^eSTr ) 

D • ijl d.tiji ■ 7. • (41) 

where 'ip ■ ^ = and 'ip ■ ■ P, = 'p’a{l^)‘^^P,/ 3 - This last term can be 

expressed in the notation of [23] as Tr . Finally, we 

hnd the following mixed terms. 


Cmi = j d‘^eTr 

^ fyi d.pji ■ ■ dM 

C.m 2 = j d^O STr {CijKL D^DW^<I>^ ) 

3 Cijkl d^ij^ ■ 7 . ■ d^tp^ 
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/:™3 = j d‘^OTr 

/^IJK L iI'J^K' £a'yc'd rabc ^iiua 

D ^ L^I'J'K' (Pa'b'c' J J d^ 

( 42 ) 

The same topological term can be produced by 

£„ 3 , = j(PeTr {C'-’‘‘i,D^i‘-[t',D‘‘i\D^D^t‘‘]) 

Fi £'"'■’ 4>i d,^i ■ 7„ ■ (43) 

The last mixed term can be written as 

Cmi = j (feSTr (^Crj,K'^ 

^4>idM-lF-dai)i (44) 

Another term that produces the same topological term, after using Eq. (38), 
takes the form 

£^4' = j d^eSTr 

D Fi c^i ■ 7. ■ d^^i. (45) 

It is worth mentioning here that these six dimensional HD terms of the 
M2-branes effective action have been calculated in earlier studies [23]. This 
was done by using a novel Higgs mechanism, and this reduced the M2-brane 
action to a matter-Yang-Mills theory describing the low energy effective ac¬ 
tion of multiple D2-branes. The HD terms obtained in this work are written 
in terms of component fields, and the lowest order held equations in deriva¬ 
tive expansion was used. This made several of these HD terms to vanish. 
In contrast to this, the HD terms in this work have been constructed using 
superspace formalism, and they have been written in terms of A/” = 1 super- 
helds. This explains why all these terms were not obtained in earlier studies 
[23]. In fact, in the earlier component formalism only the pure bosonic topo¬ 
logical term was obtained. Apart from this pure bosonic terms, all the HD 
terms produced here using the superspace formalism, vanished upon using 
lowest order held equations in derivative expansion. The reason is that these 
terms contain fermions and can be written in terms of one or more factors of 
, which are set to zero by the lowest order held equation in derivative 
expansion. This explains why these terms were absent in earlier studies [23]. 
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The importance of these HD terms come from the fact that they modify the 
interaction Lagrangian, therefore, they affect loop calculations of scattering 
amplitudes in the low energy effective theory [45, 46]. In addition, if we 
consider path integral quantization for such an effective theory we have to 
sum over all such HD terms in our Lagrangian, otherwise we will not have 
the correct interaction Lagrangian [47, 48]. 

7 Conclusion 

In this paper, we have analyzed the higher derivative terms for three di¬ 
mensional supersymmetric theories with M = 1 supersymmetry. We first 
analyzed the higher derivative terms for a general scalar superfield theory 
and demonstrated that the auxiliary field will not acquire a kinetic term for 
all possible actions of the theory. Therefore, the theory is completely describ- 
able in terms of its original field content. We calculated all four, five and six 
dimensional terms for such a theory demonstrating the existence of various 
interesting topological terms. We obtained pure bosonic, pure fermionic and 
terms which mix bosonic and fermionic helds. We also analyse the effective 
action for the BLG theory in A/” = 1 superspace formalism. We show the 
existence of several mixed and pure fermionic terms which vanish upon using 
the lowest order field equations in derivative expansion. These terms were 
absent in the list of six dimensional terms generated in earlier studies [23]. 
It may be noted that even though these terms vanish upon using the low¬ 
est order field equations in derivative expansion, it is important to consider 
them, as they can affect loop calculations of scattering amplitudes in the low 
energy effective theory. 

It will be interesting to generalize the results of this paper, for theories 
with higher amount of supersymmetry. Furthermore, it will be interesting 
to perform a similar analysis for matter helds coupled to gauge helds. The 
results thus obtained can be used for analyzing HD corrections to the M2- 
branes ehective actions using the ABJM theory. It is possible to extend 
this work done on global supersymmetry with higher derivative terms to 
local supergravity theories. In fact, the supergravity extension of scalar held 
theories with higher derivative terms has been studied [49]. This analysis was 
done using supergravity in A/” = 1 superspace formalism. The elimination of 
auxiliary helds modihes both the kinetic and potential terms in this theory. In 
this case, it has been demonstrated that potential energy can be generated 
even if there was no original superpotential term in the action. It will be 
interesting to extend the results of this paper to local supergravity theories 
in three dimensions. 
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